Willd. or Shatavari (Asparagaceae family) is an important medicinal plant in Ayurvedic medicine as a rejuvenate for women. A method for quantitative analysis of saponin glycosides bioactive constituents in A. racemosus is reported. A high performance liquid chromatography quadrupole time of flight mass spectrometry (HPLC-Q-TOF-MS/MS) method was developed and validated for simultaneous determination of five saponin glycosides, asparacoside, shatavarin IX, shatavarin IV, asparanin A and shatavarin V in A. racemosus extracted with 70% MeOH. The method was validated through intraand inter-day precision, with the relative standard deviation (RSD) less than 6%, limits of detection (LOD) and limits of quantification (LOQ) <10 and 50 ng, respectively. Overall recoveries ranged from 95% to 105%, with RSD ranging from 0.7% to 4.5%. The method was applied to saponin glycoside contents in the leaves, stems, and roots of A. racemosus sourced from different geographical locations, including four provinces in Thailand, and a sample from India. Saponin glycosides were detected predominantly in the roots, the part used in traditional medicines and these showed wide variations in saponin glycoside profiles from undetectable to 12 mg/g dry weight. The quality control of A. racemosus is crucial for reliable and predictable therapies and only methods like the one developed has the necessary flexibility, sensitivity, accuracy, and selectivity for reliable routine quality control.
Asparagus racemosus Willd is among 300 species classified in the family Asparagaceae. The plant is called Shatavari which means "one who possesses a hundred husbands or acceptable to many", implying its ability to increase fertility and vitality [1] . The plant is commonly found in tropical and subtropical forests in India, Thailand and elsewhere. Its medicinal uses are recorded in Indian and British Pharmacopoeias, and in indigenous systems including Ayurveda, and Thai traditional medicine. The powdered dried root of A. racemosus is used in Ayurveda to prevent and for the treatment of gastric ulcers [2] and galactogogue [3] and in Thailand as a galactogogue, to induce menstruation, and as a cosmetic tonic. Contemporary studies reveal estrogenic [4] , galactagogic [3] effects in animals, anti-fungal [5] , anti-diarrheal [6] , anti-oxidant [7] , and anti-cancer [8] actions in vitro.
Steroidal saponins found throughout the plant is characteristic of the Asparagus genus and used for chemotaxonomic classification. Many saponin glycosides have been isolated from A. racemosus roots and fruits including shavatarins (I, V-X) [9] , asparanins [10] , asparosides [10] , curillins [10] , curillosides [10] , immunoside [11] , racemoside A [12] and shatavaroside C [12] . Among these, Shatavarin I and IV were reported as the major components [9b] in A. racemosus collected in India. These saponin glycosides are responsible for A. racemosus medicinal affects including, anticancer activity. Immunoside and asparanin A induced apoptosis of cultured tumor cells [8] while shatavarin IV was cytotoxic to several cancer cell lines [13] . Racemoside A, a water-soluble saponin glycoside was a selective and potent inducer of apoptosis in drug resistant donovani promastigotes [14] . We also demonstrated in vitro cytotoxicity of asparacoside, shatavarin IX, shatavarin IV, asparanin A and shatavarin V against human hepato-and prostate-carcinoma cell lines [15] .
Clearly, these compounds have considerable clinical potential but there lacks a sensitive and reliable way of quantitating these saponin glycosides in crude A. racemosus preparations from different sources. The high performance thin layer chromatography (HPTLC) [16] and high performance liquid chromatography (RP-HPLC) [17] with UV detection showed low sensitivity as the saponin glycosides lack chromophores. Recently, we have developed competitive enzyme-linked and immunosorbent assay (ELISA) using monoclonal antibody against shatavarin IV [18] but the method showed cross-reactivity between glycosides sharing the same aglycone. To address these problems, a HPLC-Q-TOF-MS/MS method was developed such that compounds could be identified and quantitated down to 25 ng through a single step extraction process. This provides a quick and easy testing method for quality control as a herbal medicine.
Asparacoside, shatavarin IX, shatavarin IV, asparanin A and shatavarin V were quantitated by HPLC-Q-TOF-MS/MS in the negative ion mode. Their structures, m/z, and retention times are shown in Figure 1 and their total ion current (TIC) chromatograms in Figure 2a Figure 3 ). The method was validated for linearity, LOQs and LODs, precision, and recovery based on the International Conference on Harmonization (ICH) Guidelines [19] (Tables 1-3) . Standard curves of the five saponin glycosides had acceptable linearity in the range of 2.50 -30.00 µg/mL with correlation coefficients exceeding 0.997. The minimum concentration levels at which analysts could be reliably detected (LODs) and quantified (LOQs) were 5 to 10 ng and 25 to 50 ng, respectively ( Table 1 ). The % RSDs of intra-and inter-day precisions were less than 4% and 6%, respectively (Table 2 ) and deemed acceptable according to the Horwitz's equation [20] (for analysts at concentration of 6 µg/mL, %RSD should be <12; for 15 µg/mL analyses, RSD should be <11 and for 25 µg/mL analysts, RSD should be <10). For overall accuracy recoveries ranged from 95% to 105%, with RSDs ranging from 0.7 -4.5 %, again within ICH acceptable values [19] (Table  3 ). This suggests that sample extraction was efficient. Thus, the method developed is reliable and accurate for quantitation of the five saponin glycosides in A. racemosus.
Five saponin glycosides in different parts of A. racemosus from five different growing locations were quantified. None of the saponin glycosides were found in the leaves and stems of all A. racemosus tested except for trace amounts (less than LOQ) of asparacoside in the Bangkok sample. For root samples, saponin glycoside contents were diverse. Thus asparacoside from Phetchabun had 12 mg/g but Fig 2b) . The reason for this diversity apparently is not genomic because genetic variation in plants harvested at 9 diverse Thai locations [21] and 7 Indian sites [22] showed little variation. This strongly suggests that the growing conditions play a major role in expression of these saponins [23] . It also implies that horticultural conditions can be optimized to produce the most biologically active components. Shatavarin IV
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Natural Product Communications Vol. 12 (1) 2017 9 The five saponin glycosides have the same aglycone (sarsasapogenin), but differ in monosaccharide moieties. Their bioactive properties require the aglycone but the nature of the monosaccharide residue influences potency as shown by tumor cell susceptibility to cytotoxic actions [24] . Therefore, the saponin profile of A. racemosus could dictate its potency and pharmacology and thus have unpredictable therapeutic outcomes. Only the types of methods described here, especially HPLC-Q-TOF-MS/MS, have the flexibility, sensitivity, accuracy, and selectivity for reliable routine quality control. The flow rates were 0.6 mL/min. The liquid chromatograph was coupled to a Q-TOF mass spectrometer with a dual electrospray ion (ESI) source (Agilent Technologies G6540B model, Agilent Technologies, Singapore). The MS parameters were: acquisitionmass range set at 100-1200 m/z with a 250 ms/spectrum, the drying gas was N 2 at 350 °C, flowing at 10 L/min, nebulizer pressure 20 psi, capillary voltage 3500 V, the fragmentor voltage 250 V, skimmer 65 V, octapole RFV 750 V. The target MS/MS was set up with collision energy at 10, 20 and 40 V. All the acquisition and analyses of data were controlled by Agilent LC-MS-Q-TOF MassHunter Data Acquisition Software version B.05.01 and Agilent MassHunter Qualitative Analysis Software B 06.0, respectively (Agilent Technologies, USA). Determinations were in both negative and positive ion modes but the negative mode gave higher peaks and was used to quantitate saponin glycosides.
Method validation:
The established HPLC-Q-TOF-MS/MS method was evaluated by linearity, LOD, LOQ, intraday and interday precision, and accuracy tests. The calibration curves were constructed with five concentrations of saponin glycoside standards in duplicate. The LOD and LOQ were measured under the LC analytical conditions at a signal-to-noise (S/N) ratio of 3 and 10, respectively. The repeatability (intraday precision), used three concentrations, (6, 15 and 25 µg/mL) measured 5-times within one day and interday precision by repeating measurements 5x per day for three consecutive days. Matrix effects and accuracy were determined using the A. racemosus root from Bangkok by spiking 20 mg of powders with 1 mL of 70% MeOH containing appropriate concentrations of standards (Table 3) , and repeated in triplicate. After 15 min of sonication, filtrates were extracted and quantified as above.
